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ABSTRACT: 

7UDGLWLRQDO VHWWOHPHQWVDUHE\GHILQLWLRQVXVWDLQDEOH LQ UHODWLRQ WR WKHLU HQYLURQPHQWDOFRQWH[WDQGDYDLODEOHUHVRXUFHV7KLVSDSHU
LQYHVWLJDWHVWKHHQYLURQPHQWDOEHKDYLRXURIYHUQDFXODUDUFKLWHFWXUHDQGWKHLGHQWLILFDWLRQRIWKHGLIIHUHQWIDFWRUVWKDWFRQWULEXWHWRD
SOHDVDQW HQYLURQPHQW DQG WKHUPDO FRPIRUW ZLWKLQ WUDGLWLRQDO EXLOGLQJV DQG WKHLU VXUURXQGLQJV 7KLV LQYHVWLJDWLRQ LV SDUW RI DQ
H[WHQGHGRQJRLQJ UHVHDUFKSURJUDPPHZKLFK LV WKHILUVW UHVHDUFKSURJUDPPHUHJDUGLQJ WKHYHUQDFXODUDUFKLWHFWXUHRI&\SUXV WKDW
LQFOXGHVin situPHDVXUHPHQWVRIWHPSHUDWXUHKXPLGLW\DQGYHQWLODWLRQXVLQJGDWDORJJHUVDQGZHDWKHUVWDWLRQV7KHUHVXOWVLQGLFDWH
WKH ELRFOLPDWLF GHVLJQ HOHPHQWV RI&\SUXV¶ YHUQDFXODU DUFKLWHFWXUH DQGPRUH VSHFLILFDOO\ WKH SDVVLYH VWUDWHJLHV IRU KHDWLQJ VRODU
JDLQVWKHUPDOPDVVWKHUPDOLQHUWLDFRROLQJVXQVKDGLQJYHQWLODWLRQDQGRSWLPL]DWLRQRIHQYLURQPHQWDOPLFURFOLPDWLFFRQGLWLRQV
SODQWLQJ HYDSRUDWLRQ  7KH DQDO\VLV VKRZV D UHODWLYHO\ VWDEOH LQGRRU WHPSHUDWXUH UHJDUGOHVV RI WKH IOXFWXDWLRQ RI RXWGRRU
WHPSHUDWXUHGXH WR WKH FRQVLGHUDEOH WKHUPDOPDVVRI WKH VWUXFWXUH 7KHGDWDDOVR LQGLFDWHV WKDW WKH LQWHUQDO WHPSHUDWXUH UHDFKHVD
PD[LPXPYDOXH ODWHU LQ WKH GD\ FRPSDUHGZLWK WKH H[WHUQDO HQYLURQPHQW 7KLV LV UHODWHG WR WKH WKHUPDO LQHUWLD RI WKHEXLOGLQJ¶V
HQYHORSH WKDW GHOD\V WKH KHDW WUDQVIHU IURP WKH H[WHUQDO HQYLURQPHQW WR WKH LQWHUQDO VSDFH 7KURXJK WKLV UHVHDUFK WKH JUHDW
VLJQLILFDQFHRI WKH LQWHUQDOFRXUW\DUGZDVXQGHUOLQHGZKLFKVHUYHVDVDPLFURFOLPDWHUHJXODWRUNHHSLQJ WKH WHPSHUDWXUHDWKLJKHU
OHYHOVWKDQWKHH[WHUQDOHQYLURQPHQWGXULQJWKHZLQWHUSHULRG7DNLQJLQWRFRQVLGHUDWLRQWKHVXVWDLQDELOLW\RIYHUQDFXODUDUFKLWHFWXUH
WKHHVVHQWLDOVNLOOVIRUHQYLURQPHQWDOO\IULHQGO\DSSURDFKHVWRWKHEXLOWHQYLURQPHQWFDQEHGHYHORSHGZKLFKZLOOEHQHILWVRFLHW\DV
DZKROH


1. INTRODUCTION 
6XVWDLQDEOHGHYHORSPHQWLVDSULRULW\IRUWKHEXLOGLQJDFWLYLWLHV
RIPDQ\FRXQWULHVDVWKHVHDFWLYLWLHVFRQVWLWXWHDQLPSRUWDQWSDUW
RI HQHUJ\ FRQVXPSWLRQ ,Q WKLV IUDPHZRUN WKH VWXG\ RI
YHUQDFXODUDUFKLWHFWXUHFDQRIIHUHIIHFWLYHVROXWLRQVWRZDUGVWKH
EXLOWHQYLURQPHQWEHLQJE\GHILQLWLRQVXVWDLQDEOHLQUHODWLRQWR
LWV HQYLURQPHQWDO FRQWH[W XVLQJ ORFDOO\ DYDLODEOH UHVRXUFHV WR
DGGUHVVORFDOQHHGV7UDGLWLRQDOVHWWOHPHQWVDUHZHOODGDSWHGWR
WKHLU VXUURXQGLQJV QDWXUDO DQG VRFLDO UHVSRQG WR KXPDQV¶
DFWXDO QHHGV LQFRUSRUDWH PDQ\ IHDWXUHV IULHQGO\ WR WKH
HQYLURQPHQWVWUXFWXUHIRUPVOD\RXWDQGDUHWKXVFRQVLGHUHG
DV DPRGHO IRU VXVWDLQDEOH GHVLJQ >@ DQG DV D FRQWULEXWLRQ WR
QHZPHWKRGVDQGVROXWLRQVIRUWKHIXWXUHEXLOWHQYLURQPHQW>@
$V 5DSRSRUW >@ VWUHVVHV WKH IRUP RI D WUDGLWLRQDO KRXVH LV
GHILQHG E\ D VHULHV RI VRFLRFXOWXUDO IDFWRUV DQG LV VKDSHG E\
FOLPDWLFFRQGLWLRQVWKHDYDLODEOHPDWHULDOVDQGWKHFRQVWUXFWLRQ
WHFKQLTXHV ,Q DGGLWLRQ WKH UHKDELOLWDWLRQ RI YHUQDFXODU
EXLOGLQJVFRQVWLWXWHVE\ LWVHOIDQ LPSRUWDQW VXVWDLQDEOHDWWLWXGH
WRZDUGV WKH H[LVWLQJEXLOW HQYLURQPHQWDV WKLV LQFRUSRUDWHV WKH
FRQVHUYDWLRQRIQRQUHQHZDEOHVRXUFHV 
&\SUXVRIIHUVDQH[FHOOHQWFDVHIRUWKHVWXG\DQGDQDO\VLVRIWKH
HQYLURQPHQWDOIHDWXUHVRIYHUQDFXODUDUFKLWHFWXUHDVLWLVDVPDOO
LVODQGZKLFKLQFRUSRUDWHVPDQ\GLIIHUHQWW\SHVRIGZHOOLQJVDQG
QXPHURXV IHDWXUHV VLWXDWHG LQ GLIIHUHQW HQYLURQPHQWV DQG
FOLPDWLF FRQGLWLRQV ,W KDV PRXQWDLQRXV DV ZHOO DV SODLQ DQG
FRDVWDODUHDVZLWKDYDULHW\LQIRUPVRIGZHOOLQJVLQUHODWLRQWR
GDWH OD\RXWPDWHULDOVDQGFRQVWUXFWLRQPHWKRGV7KHW\SRORJ\
RIWHQ FKDQJHV ZLWKLQ D VKRUW GLVWDQFH LQ UHODWLRQ WR WKH
LPPHGLDWH HQYLURQPHQW GHSHQGLQJ DOVR RQ WKH DYDLODELOLW\ RI
PDWHULDOV>@
,Q WKLV SDSHU ZH SUHVHQW WKH ILUVW DQDO\WLFDO VWXG\ WRGDWH RI
HQYLURQPHQWDO PHDVXUHPHQWV RI YHUQDFXODU GZHOOLQJV RI
&\SUXV 7KH UHVXOWV RI WKLV VWXG\ DUH SDUW RI DQ H[WHQGHG
RQJRLQJSURJUDPPHWKHPDLQREMHFWLYHRIZKLFKLVWKHRYHUDOO
LQYHVWLJDWLRQRIHQYLURQPHQWDOIHDWXUHVRIYHUQDFXODUGZHOOLQJV
DOO RYHU WKH LVODQG 6LPLODU VWXGLHV ZHUH FDUULHG RXW IRU WKH
LQYHVWLJDWLRQRIYHUQDFXODUDUFKLWHFWXUHRIRWKHUFRXQWULHVRIWKH
0HGLWHUUDQHDQ 6HD >@ DQG LQ RWKHU DUHDV >@ EXW QRW LQ
&\SUXV 
 
1.1  The aims of the paper and the research 

7KLVUHVHDUFKVWXG\DLPVWRLQYHVWLJDWHWKHELRFOLPDWLFVWUDWHJLHV
IROORZHGLQWUDGLWLRQDOGZHOOLQJVDQGDWWKHVDPHWLPHWRDVVHVV
WKH VLJQLILFDQFHRIFRQVHUYLQJYHUQDFXODUDUFKLWHFWXUH)RU WKLV
SXUSRVH in situ PHDVXUHPHQWV DQG TXDOLWDWLYH DQDO\VLV RI WKH
EHKDYLRXURIDFKDUDFWHULVWLFWUDGLWLRQDOEXLOGLQJLQDUXUDOVHPL
PRXQWDLQRXV YLOODJH RI &\SUXV LQ GLIIHUHQW VHDVRQV DQG
ZHDWKHULQJ FRQGLWLRQVZHUH FDUULHGRXW  DVDSLORW FDVH VWXG\
7KLV ZLOO EH IROORZHG E\ PHDVXUHPHQWV LQ PRUH YHUQDFXODU
VWUXFWXUHV LQ WKH VDPHYLOODJHDQGDOVR LQYHUQDFXODUGZHOOLQJV
RIRWKHU WUDGLWLRQDOVHWWOHPHQWVZLWKDGLIIHUHQWJHRPRUSKRORJ\
PRXQWDLQRXVDUHDVSODLQVDQGFLWLHV
7KH RYHUDOO REMHFWLYH RI WKLV UHVHDUFK LV WR SURGXFH QHZ
VFLHQWLILF NQRZOHGJH ZKLFK ZLOO FRQWULEXWH WR WKH VXVWDLQDEOH
GHYHORSPHQW RI WKH H[LVWLQJ HQYLURQPHQW HQFRXUDJLQJ WKH
VXVWDLQDEOH XVH RI UHVRXUFHV DQG VWUHQJWKHQLQJ V\QHUJLHV
EHWZHHQ HQYLURQPHQWDOSURWHFWLRQDQGGHYHORSPHQW´ 1DWLRQDO
5HIRUP3URJUDPIRU/LVERQ
7KLVUHVHDUFKDLPVDWH[SORULQJDQGLGHQWLI\LQJ WKHELRFOLPDWLF
GHVLJQ SULQFLSOHV DQG HOHPHQWVZKLFK KDYH EHHQ DSSOLHG RYHU
WLPH LQ WUDGLWLRQDODUFKLWHFWXUH LQRUGHUWRHVWDEOLVKQHZZD\V
RI UHVWRULQJ WUDGLWLRQDO EXLOGLQJV E\ IRFXVLQJ RQ PDLQWDLQLQJ
DQG LPSURYLQJ WKH DERYHPHQWLRQHG SULQFLSOHV 7KLV UHVHDUFK
DWWHPSWVWRGUDIWDVHWRIJXLGHOLQHVDQGSURSRVDOVIRUWKHSURSHU
FRQVHUYDWLRQ DQG UHVWRUDWLRQ RI WUDGLWLRQDO EXLOGLQJV ZLWK
349
HPSKDVLV RQ PDLQWDLQLQJ DQG HQKDQFLQJ WKH ELRFOLPDWLF
FKDUDFWHULVWLFV DQG HQYLURQPHQWDOO\IULHQGO\ DSSURDFKHV
WKURXJKLQQRYDWLYHVROXWLRQV
1.2 Analysis of bioclimatic elements of the vernacular 
architecture 
%LRFOLPDWLF GHVLJQ UHIHUV WR WKH LQFRUSRUDWLRQ RI QDWXUH
HOHPHQWV LQ DUFKLWHFWXUH GHVLJQ DLPLQJ DW WKH LPSURYHPHQW RI
FRPIRUW FRQGLWLRQV ± WKHUPDO YLVXDO DFRXVWLF FRPIRUW LQGRRU
DLU TXDOLW\ ±RI WKH LQKDELWDQWVRI WUDGLWLRQDOEXLOGLQJVDQG WKH
PLQLPL]DWLRQ RI HQHUJ\ FRQVXPSWLRQ ,W LV UHODWHG WR WKH
DSSOLFDWLRQRID VHULHVRIVWUDWHJLHV LQGHVLJQDQGFRQVWUXFWLRQ
ZKLFK UHIHU WR SDVVLYH KHDWLQJ DQG FRROLQJ DV ZHOO DV WR WKH
LPSURYHPHQW RI PLFURFOLPDWLF FRQGLWLRQV RI WKH VXUURXQGLQJ
HQYLURQPHQWDQGWKHH[SORLWDWLRQRIQDWXUDOOLJKWLQJ
7KH LQYHVWLJDWLRQ RI WKH GLIIHUHQW ELRFOLPDWLF HOHPHQWV RI
YHUQDFXODU DUFKLWHFWXUH FRYHUV WKHH[SORUDWLRQRI WKH IROORZLQJ
IHDWXUHV
x &HQWUDO FRXUW\DUG DUUDQJHPHQW RI FORVHG DQG VHPLRSHQ
VSDFHVDURXQGDFHQWUDO\DUG
x 6HPLRSHQVSDFHVLOLDNRLFRPIRUWDEOHLQWHUPHGLDWHOLYLQJ
VSDFHV
x 3ODQWV DQG ZDWHU IHDWXUHV LQ WKH FRXUW\DUGV HYDSRUDWLQJ
FRROLQJ
x 2ULHQWDWLRQ RI WKH KRXVH DUUDQJHPHQW RI ODUJH RSHQLQJV
WRZDUGV WKH VRXWK IRU VRODU JDLQV DQG VPDOO RSHQLQJV
WRZDUGV WKH QRUWK IRU PLQLPL]LQJ WKHUPDO ORVVHV GXULQJ
ZLQWHU
x 7UDGLWLRQDOVWUDWHJLHVIRUVKDGLQJURRIRYHUKDQJVSHUJRODV
SODQWV VROLGSODQNRUDGMXVWDEOHVKXWWHUVDQGDUUDQJHPHQW
RIVHPLRSHQVSDFHVLOLDNRLSRUFKHVJDOOHULHVLQIURQWRI
WKHVRXWKVLGHRIWKHEXLOGLQJV>@
x 7UDGLWLRQDOVWUDWHJLHVIRUYHQWLODWLRQPXOWLSOHRSHQLQJVIRU
FURVVYHQWLODWLRQVWDFNHIIHFWDQGQLJKWFRROLQJ
x &RQVWUXFWLRQPDWHULDOVDQGTXDOLW\RIWKHEXLOGLQJHQYHORSH
PDWHULDOV ZLWK WKHUPDO LQHUWLD VXFK DV PXGEULFNV VWRQH
ZDOOVDQGPDWHULDOVZLWKWKHUPDOLQVXODWLRQSURSHUWLHVVXFK
DVVXFFHVVLYHOD\HUVRIFOD\WZLJVDQGVWUDZIRUURRIV
x 5HODWLRQVKLS RI EXLOGLQJV WR WKHLU LPPHGLDWH EXLOW DQG
QDWXUDO HQYLURQPHQW ORFDWLRQ LQ WKH XUEDQ FRUH  QXFOHXV
SUR[LPLW\WRRWKHUEXLOGLQJV

2. CASE STUDY 
$ V\VWHPDWLF UHVHDUFK ZDV LQLWLDWHG WR LQYHVWLJDWH WKH
ELRFOLPDWLF HOHPHQWV RI WKH YHUQDFXODU DUFKLWHFWXUH RI &\SUXV
DQG LV FRQFHQWUDWHG RQ WKH VHPLPRXQWDLQRXV WUDGLWLRQDO
VHWWOHPHQW RI .DSHGHV ZKHUH VSHFLILF PHDVXUHPHQWV RI
WHPSHUDWXUHUHODWLYHKXPLGLW\DQGDLUYHORFLW\ZHUHUHFRUGHG
,Q .DSHGHV OLNH PRVW RI WKH YHUQDFXODU VHWWOHPHQWV RI WKH
LVODQG ORFDOO\ DYDLODEOH PDWHULDOV DUH XVHG ZKLFK UHGXFH WKH
HQHUJ\FRQVXPSWLRQDQGWKHHQYLURQPHQWDO LPSDFW UHLQIRUFLQJ
DWWKHVDPHWLPHWKHORFDOFKDUDFWHULVWLFVRIWKHVHWWOHPHQW7KH
WUDGLWLRQDO UXUDO DUFKLWHFWXUH RI WKH YLOODJH LV FKDUDFWHUL]HG E\
SDVVLYHFRQWUROHOHPHQWVVXFKDVVWRQHZDOOVZLWKKLJKWKHUPDO
LQHUWLD DQG VPDOO ZLQGRZV UHSUHVHQWLQJ WKH PDLQ HOHPHQWV RI
DUFKLWHFWXUDO H[SUHVVLRQ 7KH WUDGLWLRQDO EXLOGLQJV DUH
VXFFHVVIXOO\ LQWHJUDWHG LQWR WKHLU LPPHGLDWHHQYLURQPHQWEHLQJ
IUHTXHQWO\ DUUDQJHG LQ FRPSDFW SDWWHUQV FORVHO\ EXLOW ZLWK
FRPPRQ ZDOOV RQH QH[W WR WKH RWKHU OHDYLQJ VPDOO HPSW\
VSDFHVLQWKHIRUPRIDOOH\VDQGFRXUW\DUGV)LJXUH7KXVWKH
YHUWLFDO VXUIDFHV ZDOOVH[SRVHG WR VRODU UDGLDWLRQDUHUHGXFHG
DQG WKH WKHUPDO LQHUWLD RI WKH HQVHPEOH LV UDLVHG 7KH VKDGH
EHWZHHQ QHLJKERXULQJ EXLOGLQJV UHGXFHV WKH ZDUPLQJ XS RI
WKHLUZDOOVE\UDGLDWLRQDQGDWWKHVDPHWLPHHQDEOHVWKHPWREH
FRROHG E\ FRQWDFW ZLWK WKH FRRO DLU DW QLJKW 7KXV QDWXUH
FOLPDWH DQG WRSRJUDSK\ DUH LPSRUWDQW SDUDPHWHUV WKDW SOD\ D
VLJQLILFDQW UROH LQ WKH GHVLJQ 6WUHHWV DUH YHU\ QDUURZ
VXUURXQGHGE\RQHRUWZRVWRUH\GZHOOLQJVWKDWRIIHUVKDGLQJWR
WKHSDVVDJHZD\
,Q RUGHU WR KDYH D PRUH DFFXUDWH TXDOLWDWLYH DQG DOVR
TXDQWLWDWLYHDVVHVVPHQWDVSHFLILFKRXVHWKDWLQFRUSRUDWHVPRVW
RIWKHDERYHPHQWLRQHGFOLPDWLFFKDUDFWHULVWLFVZDVVHOHFWHGIRU
LQYHVWLJDWLRQ 7KH KRXVH FRQVLVWV RI DQ LOLDNRV VHUYLQJ DV DQ
HQWUDQFH DQG DOVR DV DQ LQWHUPHGLDWH VSDFH EHWZHHQ WKH VWUHHW
DQG WKH KRXVH )LJXUHV  D ODUJHGRXEOH URRP GLFKRUR D
NLWFKHQ DQG VRPH RWKHU VPDOO DX[LOLDU\ URRPV RQ WKH JURXQG
OHYHODQGWZREHGURRPVRQWKHVHFRQGOHYHO

)LJXUH $HULDOYLHZRIDSDUWRIWKHVHWWOHPHQW

7KH ORDG EHDULQJ VWUXFWXUH RI WKH KRXVH LV EXLOW RI LQWHUQDOO\
SODVWHUHG PDVRQU\ FRQVLVWLQJ RI ORFDO VWRQH DQG PXGEULFNV
7KHVHZDOOVDUHFPWKLFNDW WKHJURXQGOHYHODQGDERXW
FPWKLFNRQWKHILUVWIORRUOHYHO7KHURRILVPDGHRIWLPEHU
UHHGV DQG FOD\ DQG LV FRYHUHG E\ WLOHV 7KH KRXVH KDV EHHQ
FRQVHUYHGUHFHQWO\LQLWVRULJLQDOIRUPSUHVHUYLQJDOPRVWDOOLWV
DXWKHQWLF FKDUDFWHULVWLFV 0RUH VSHFLILFDOO\ WKH VKHOO RI WKH
KRXVH KDV EHHQ FRQVHUYHG DQG RQO\ WKH URRIV ZHUH UHSDLUHG
XVLQJ LQVXODWLRQ LQ WKHSODFHRI WKHRULJLQDOOD\HUVRIHDUWKDQG
FOD\$OO WKH RSHQLQJVZHUH FRQVHUYHG DQG WKHRULJLQDO SODQNV
ZHUH UHSODFHG )LJXUH  $ JODVV GRRU ZDV LQVWDOOHG LQ WKH
RULJLQDO DUFK RSHQLQJ RI WKH LOLDNRV VR DV WR DFKLHYH LQWHUQDO
FLUFXODWLRQEHWZHHQWKHGLIIHUHQWURRPV)LJXUHV



)LJXUH3ODQRIWKHKRXVHVKRZLQJWKHPHDVXULQJSRLQWV
LQWHUQDOVSDFHFRXUW\DUGDQGH[WHUQDOHQYLURQPHQW
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 
)LJXUHV,QWHUQDOYLHZRIWKHLOLDNRV)LJXUH7KHPDLQ
HQWUDQFHRIWKHKRXVH)LJXUH
2.1 Qualitative and quantitative evaluation of the 
house  
7KHYDULRXVURRPVRIWKHGZHOOLQJDUHDUUDQJHGDURXQGDUDWKHU
VPDOO FHQWUDO \DUG ZKLFK FRQVWLWXWHV D ELRFOLPDWLF HOHPHQW RI
XWPRVW LPSRUWDQFH )LJXUHV  7KH VPDOO VL]H RI WKH
FRXUW\DUGRSHUDWHVDVDPLFURFOLPDWHUHJXODWRULQWKHUHVLGHQFH
DVVLVWLQJ WKH LQWHJUDWLRQRIQDWXUHHOHPHQWV LQWRWKHGHVLJQDQG
RYHUDOO DUFKLWHFWXUDO FRQFHSW RI WKH EXLOGLQJ 7KH FRXUW\DUG
SURSRUWLRQV DQG WKH DUUDQJHPHQW RI WKH URRPV DURXQG LW
HVSHFLDOO\ WKH WZRVWRUH\ SDUWV RI WKH KRXVH EORFN WKH ZLQGV
GXULQJ ZLQWHU DQG WKXV PLWLJDWH ORZ WHPSHUDWXUHV 7KH VPDOO
VL]H RI WKH FRXUW\DUG LV DQ H[FHOOHQW WKHUPDO UHJXODWRU EHFDXVH
LWVVL]HKHOSVWRZDUGVWKHVKDGLQJRIWKHODUJHVWSDUWRIWKHZDOOV
GXULQJ WKH GD\ DOORZLQJ OHVV WKHUPDO LPSDFW DQG PRUH KHDW
GLVVLSDWLRQ IURPDGMRLQLQJ LQGRRU VSDFHV7KHZKLWLVK VODEVRI
WKH FRXUW\DUG DV ZHOO DV WKH VXUURXQGLQJ ZDOOV DFW DV D JRRG
UDGLDWRU RIKHDWDQG OLJKWSHQHWUDWLRQ0RUHRYHU WKHFRXUW\DUG
HQVXUHVDSOHDVDQWYLHZDQGYLVXDOFRPIRUWZKLFKFRQWULEXWHWR
WKH HPRWLRQDO DQG SV\FKRORJLFDO FRQGLWLRQ RI WKH RFFXSDQWV
$FFRUGLQJ WR 6XOOLYDQ >@ ³7KH FRXUW\DUG LQWHJUDWHV D ZLGH
YDULHW\RISDVVLYHGHYLFHVLQWRLWVGHVLJQHDFKFUHDWLQJLWVRZQ
WKHUPDOHQYLURQPHQW´




)LJXUHV 9LHZRIWKHKRXVHWKURXJKWKHFHQWUDOFRXUW\DUG
EHIRUHDQGDIWHUFRQVHUYDWLRQ
 
)LJXUHV :HVWHOHYDWLRQRIWKHKRXVHDIWHUFRQVHUYDWLRQ
)LJXUH7KHEDOFRQ\DERYHWKHPDLQHQWUDQFHRIWKHKRXVH
)LJXUH
7KH LOLDNRVDVHPLRSHQVSDFHLQFORVHUHODWLRQZLWKWKH\DUG
VHUYHVDVDQLQWHUPHGLDWHVSDFHEHWZHHQFORVHGDQGRSHQVSDFHV
DQGDOVRDVDEXIIHU]RQHEHWZHHQWKHVWUHHWDQGWKHFRXUW\DUG
FKDQQHOOLQJEUHH]HVDQGLPSURYLQJWKHYHQWLODWLRQRIWKHKRXVH
,Q WKH WUDGLWLRQDO UHVLGHQFH XQGHU VWXG\ VXQ SURWHFWLRQ LV
DFKLHYHG WKURXJK WKH XVH RI DSSURSULDWH VXQ VKDGLQJ HOHPHQWV
RQ WKHRSHQLQJV7KH WUDGLWLRQDOHQYHORSHLQFRUSRUDWHVDOLQHDU
FDQWLOHYHUEDOFRQ\RQWKHIURQWRIWKHZHVWRSHQLQJV)LJXUH
7KHWKLFNQHVVHVRIWKHZDOOVDOVRHQVXUHVRPHVKDGLQJRIWKH
RSHQLQJV 0RUHRYHU WKH VROLG SODQN VKXWWHUV RI WKH RSHQLQJV
SURYLGH VKDGH DQG UHGXFH WKHGLUHFW VRODU UDGLDWLRQ )LJXUH
6HYHUDORIWKHEXLOGLQJ¶VRSHQLQJVDQGSDUWRIWKHFRXUW\DUGDUH
VXIILFLHQWO\VKDGHGIURPWKHVXUURXQGLQJEXLOWHQYLURQPHQWDQG
WKH EXLOGLQJ LWVHOI )LJXUH  ,Q DGGLWLRQ WKH VXQ SURWHFWLRQ
HOHPHQWV FRQWULEXWH WR WKH QRUPDOL]DWLRQ DQG ILOWUDWLRQ RI WKH
QDWXUDOOLJKWLQJZKLFKHQWHUVWKHLQWHULRUVSDFH
9HQWLODWLRQLVPDLQO\DFKLHYHGWKURXJKWKHYDULRXVRSHQLQJVRI
WKH KRXVH DQG HVSHFLDOO\ WKURXJK WKHLU FURVV DUUDQJHPHQW
)LJXUH7KH\DUHGHVLJQHGLQVL]HDQGSODFHGSURSRUWLRQDOO\
LQRUGHUWRDOORZWKHUHTXLUHGDPRXQWRIOLJKWDQGDLUFLUFXODWLRQ
DQG WR SURYLGH FRPIRUW :LQGRZV IDFLQJ WKH H[WHULRU DUH
PLQLPL]HG VR DV WR EH FRQVLVWHQW ZLWK LQWHULRU UHTXLUHPHQWV
6PDOO RSHQLQJV DUVHUHV VSHFLDOO\ SODFHG RQ D KLJK OHYHO
HQDEOH WKHKRWDLUWRHVFDSHWRWKHRXWGRRUHQYLURQPHQWGXULQJ
WKHFRROLQJSHULRGDQGDWWKHVDPHWLPHSURYLGHGD\OLJKWWRWKH
PD[LPXP GHSWK SRVVLEOH ZLWK PLQLPXP SHQHWUDWLRQ RI
UDGLDWLRQ DQG VHUYH YHQWLODWLRQ QHHGV ZKHQ WKH KRXVH LV QRW
RFFXSLHG7KH UHPRYDO RI KRW DLU LV DOVR DFKLHYHG WKURXJK WKH
VWDLUFDVHRSHQLQJVLWXDWHGLQWKHLOLDNRVRIWKHKRXVH)LJXUH
0RVW RI WKH RSHQLQJV RI WKH GZHOOLQJ VHYHQ DUH DUUDQJHG
DURXQG WKH FHQWUDO \DUG XQGHUO\LQJ WKH LPSRUWDQFH RI WKH\DUG
ZLWKUHJDUG WR WKHYHQWLODWLRQDQGFRROLQJRILQGLYLGXDOURRPV
7KXV WKH FRXUW\DUG SURYLGHV D XQLTXH RSSRUWXQLW\ RI
RULHQWDWLRQ RI WKH KRXVH LQ UHODWLRQ WR VXQOLJKW DQGYHQWLODWLRQ
DQG PRGLILHV WKH DPRXQW RI VXQOLJKW HQWHULQJ WKH KRXVH
LPSURYLQJWKHPLFURFOLPDWH
'LUHFW VRODU JDLQV DUH WKH PDLQ VWUDWHJ\ RI ELRFOLPDWLF GHVLJQ
GXULQJWKHZLQWHUSHULRG(DVWZHVWDQGVRXWKIDFLQJHOHYDWLRQV
EHQHILW IURP WKH LQFRPLQJ VRODU HQHUJ\ WKURXJK ERWK WKH
EXLOGLQJ HQYHORSH DQG WKH DSSURSULDWH RSHQLQJV 7KH GLUHFW
VRODU JDLQV RI WKH KRXVH VHHP WR EH UDWKHU OLPLWHG GXH WR WKH
JHQHUDOOD\RXWRIWKHKRXVHZKLFKZDVGHULYHGIURPWKHVL]HDQG
VKDSHRIWKHSORWDQGWKHVXUURXQGLQJEXLOGLQJV

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)LJXUH6LPXODWLRQRIVKDGLQJUDQJHIRUZLQWHUDQGVXPPHU
VROVWLFH(FRWHFWVRIWZDUHY


)LJXUH7UDGLWLRQDOVWUDWHJLHVIRUYHQWLODWLRQFURVV
YHQWLODWLRQDQGQLJKWFRROLQJ
7KH DSSOLFDWLRQ RI SURSHU PDWHULDOV ORFDO VWRQH HDUWK LQ WKH
IRUPRIPXGEULFNV HWFDQGFRQVWUXFWLRQ WHFKQLTXHV VWUXFWXUH
RIURRIVHQVXUHDGHTXDWHWKHUPDOLQVXODWLRQDQGWKHUPDOLQHUWLD
RIWKHEXLOGLQJHQYHORSH7KHXVHRIVROLGSODQNVKXWWHUVLQWKH
RSHQLQJV SURKLELWV WKH KRW DQG FROG DLU HQWHULQJ WKH KRXVH LQ
VXPPHUDQGZLQWHUUHVSHFWLYHO\
7KHSHQHWUDWLRQRIQDWXUDO OLJKWLQJ LVHQVXUHG WKURXJKPXOWLSOH
RSHQLQJV LQ WKH EXLOGLQJ HQYHORSH7KH GLVWULEXWLRQ RI QDWXUDO
OLJKWLQJ LV DOVR LQIOXHQFHG E\ WKH FRQILJXUDWLRQ RI WKH LQWHULRU
DQG WKH UHIOHFWLRQV RI WKH VXUURXQGLQJ VXUIDFHV ZLWKLQ WKH
EXLOGLQJ 2SHQLQJV WRZDUGV WKH FRXUW\DUG SURYLGH YLVXDO
FRQQHFWLRQV DV ZHOO DV WKH SRVVLELOLW\ RI SK\VLFDO FRQQHFWLRQV
ZLWKWKHH[WHUQDOHQYLURQPHQWDQGQDWXUH
%H\RQG WKHELRFOLPDWLFSULQFLSDOV WKHHQYLURQPHQWDODSSURDFK
RIWKHWUDGLWLRQDOHQYHORSHUHIHUVWRWKHVHOHFWLRQRIDSSURSULDWH
EXLOGLQJ PDWHULDOV WR PLQLPL]H WKH HFRORJLFDO IRRWSULQW RI WKH
EXLOGLQJ 7KH UHGXFWLRQ RI WKH HQYLURQPHQWDO GDPDJH DSDUW
IURPWKHXVHRIDSSURSULDWHEXLOGLQJPDWHULDOVUDZQDWXUDODQG
ORFDO PDWHULDOV ZLWK ORZ &2 HPLVVLRQ DQG ORZ HPERGLHG
HQHUJ\UHIHUVWRWKHXVHRIDSSURSULDWHEXLOGLQJWHFKQLTXHVGU\
DQG DVVHPEOHG FRQVWUXFWLRQ DQGPHWKRGV WKDW DOORZ UHXVH RI
WKH PDMRU SDUW RI FRQVWUXFWLRQ PDWHULDOV RI WKH EXLOGLQJ
UHF\FOHGZLWKRXWGRZQJUDGLQJWKHTXDOLW\RIPDWHULDOV
2.2   Methodology  
7KH TXDQWLWDWLYH DQDO\VLV RI WKLV VSHFLILF WUDGLWLRQDO UHVLGHQWLDO
EXLOGLQJ FRPSULVHV WKH LQYHVWLJDWLRQDQGGRFXPHQWDWLRQRI WKH
DSSOLHGGHVLJQVWUDWHJLHVIRU WKH LPSURYHPHQWRIPLFURFOLPDWLF
FRQGLWLRQV )RU WKH GDWD DFTXLVLWLRQ '$9,6 9DQWDJH 9XH
ZHDWKHU VWDWLRQV ZHUH SODFHG IRU D SHULRG RI VL[ PRQWKV LQ
VHOHFWHG SODFHV RI WKH UHVLGHQFH XQGHU VWXG\ )LJXUH  7KH
PHDVXUHPHQWVZHUHFRQGXFWHGHYHU\PLQXWHVIURPWKHWKRI
'HFHPEHUXQWLOWKHWKRI-XQH
7KHUHJLVWUDWLRQHTXLSPHQWZDVSODFHGLQWKUHHVHOHFWHGSODFHV
D LQ WKH H[WHUQDO \DUG IRU WKH UHJLVWUDWLRQ RI WKH H[WHUQDO
HQYLURQPHQW FOLPDWLF GDWD E LQ WKH UHVLGHQFH¶V FHQWUDO
FRXUW\DUG IRU WKH UHJLVWUDWLRQ RI WKH FOLPDWLF GDWD LQ WKH
FRXUW\DUG DQG F LQ WKHPRVW LPSRUWDQW LQWHUQDO VSDFH RI WKH
JURXQG IORRU GLFKRUR DOO PHDVXUHG DW D KHLJKW RI  FP
DERYHWKHILQLVKHGIORRU7KHPHDVXUHPHQWVRIWHPSHUDWXUHDQG
UHODWLYH KXPLGLW\ UHIHU ERWK WR WKH ZLQWHU DQG WKH VXPPHU
SHULRG 'XULQJ ERWK SHULRGV XQGHU VWXG\ WKH UHVLGHQFH ZDV
XQRFFXSLHG KDYLQJ DOO RI WKH RSHQLQJV FORVHG WKXV FRQVWDQWO\
HOLPLQDWLQJDOOWKHLQWHUQDOKHDWJDLQV
 
2.1.1 Thermal Performance Analysis for the Winter Period: 
7KHPHDVXUHPHQWVRIWHPSHUDWXUHDQGUHODWLYHKXPLGLW\IRUWKH
WLPHVSDQRIRQHZHHNZHUHDQDO\VHGIRUWKHZLQWHUSHULRGWK
RI )HEUXDU\   KUV ± WK RI )HEUXDU\  
KUV 7KH LQWHUQDO VSDFH KDV QR WHFKQLFDO VXSSRUW IRU KHDWLQJ
7KH PHDVXUHPHQWV RI WHPSHUDWXUH DQG UHODWLYH KXPLGLW\ DUH
SUHVHQWHGLQWKHJUDSKVEHORZ)LJXUHV
7KHPD[LPXP WHPSHUDWXUHRI WKHEXLOGLQJ¶V LQWHUQDO VSDFH IRU
WKH ZLQWHU SHULRG WK RI )HEUXDU\   KUV  WK RI
)HEUXDU\KUVLV&LH&ORZHUWKDQWKH
PD[LPXP WHPSHUDWXUH RI WKH H[WHUQDO HQYLURQPHQW 7KH
UHVSHFWLYH WHPSHUDWXUH YDOXH RI WKH FOLPDWLF GDWD LQ WKH
FRXUW\DUG GXULQJ WKH VDPH WLPH SHULRG LV  & LH  &
KLJKHU WKDQ WKH PD[LPXP WHPSHUDWXUH RI WKH H[WHUQDO
HQYLURQPHQW 7KH PLQLPXP WHPSHUDWXUH RI WKH EXLOGLQJ¶V
LQWHUQDO VSDFH LV  & LH  & KLJKHU WKDQ WKHPLQLPXP
WHPSHUDWXUHRIWKHH[WHUQDOHQYLURQPHQW
7KH UHVSHFWLYH WHPSHUDWXUH YDOXH RI WKH FOLPDWLF GDWD LQ WKH
FRXUW\DUG GXULQJ WKH VDPH WLPH SHULRG LV  & LH  &
KLJKHU WKDQ WKH PLQLPXP WHPSHUDWXUH RI WKH H[WHUQDO
HQYLURQPHQW 7KH WHPSHUDWXUH IOXFWXDWLRQ IRU WKH EXLOGLQJ¶V
LQWHUQDO VSDFH LV &&IRU WKHFRXUW\DUGDQG&
IRU WKHH[WHUQDOHQYLURQPHQW'XULQJWKHVDPHWLPHSHULRGWKH
PHDQ WHPSHUDWXUH IRU WKH EXLOGLQJ¶V LQWHUQDO VSDFH LV  &
LH  & KLJKHU WKDQ WKH PHDQ WHPSHUDWXUH RI WKH H[WHUQDO
HQYLURQPHQWDQG&KLJKHUWKDQWKHPHDQWHPSHUDWXUHRIWKH
FOLPDWLF GDWD LQ WKH FRXUW\DUG)LJXUH7KHFRPSDULVRQEDUV
RI UHODWLYHKXPLGLW\GXULQJ WKHZLQWHUSHULRGDUH VKRZQ LQ WKH
GLDJUDPEHORZ)LJXUH
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
)LJXUH7HPSHUDWXUHDQG5HODWLYH+XPLGLW\GDWDRIWKH
EXLOGLQJ¶VLQWHUQDOVSDFHGLFKRURIRUWKHZLQWHUSHULRGWK
WK)HEUXDU\

)LJXUH7HPSHUDWXUHDQG5HODWLYH+XPLGLW\GDWDRIWKH
FRXUW\DUGIRUWKHZLQWHUSHULRGWKWK)HEUXDU\


)LJXUH7HPSHUDWXUHDQG5HODWLYH+XPLGLW\GDWDRIWKH
H[WHUQDOHQYLURQPHQWIRUWKHZLQWHUSHULRGWKWK)HEUXDU\

 
 
 
 
)LJXUHV&RPSDULVRQEDUVRIWHPSHUDWXUHDQGUHODWLYH
KXPLGLW\GXULQJWKHZLQWHUSHULRGWKWK)HEUXDU\
2.1.2. Thermal Performance Analysis for the Summer 
Period: 7KHPHDVXUHPHQWVRIWHPSHUDWXUHDQGUHODWLYHKXPLGLW\
IRU WKH WLPH VSDQ RI RQH ZHHNZHUH DQDO\VHG IRU WKH VXPPHU
SHULRG UG RI -XQH   KUV ± WK RI -XQH 
KUV 7KH LQWHUQDO VSDFH KDV QR WHFKQLFDO VXSSRUW IRU FRROLQJ
7KH PHDVXUHPHQWV RI WHPSHUDWXUH DQG UHODWLYH KXPLGLW\ DUH
SUHVHQWHGLQWKHJUDSKVWKDWIROORZ)LJXUHV
7KHPD[LPXP WHPSHUDWXUHRI WKHEXLOGLQJ¶V LQWHUQDO VSDFH IRU
WKH VXPPHU SHULRG UG RI -XQH   KUV  WK RI -XQH
KUVLV&LH&ORZHUWKDQWKHPD[LPXP
WHPSHUDWXUH RI WKH H[WHUQDO HQYLURQPHQW 7KH UHVSHFWLYH
WHPSHUDWXUH YDOXH RI WKH FOLPDWLF GDWD LQ WKH FRXUW\DUG GXULQJ
WKH VDPH WLPH SHULRG LV  & LH  & KLJKHU WKDQ WKH
PD[LPXP WHPSHUDWXUH RI WKH H[WHUQDO HQYLURQPHQW 7KH
PLQLPXP WHPSHUDWXUH RI WKH EXLOGLQJ¶V LQWHUQDO VSDFH LV 
& LH  & KLJKHU WKDQ WKH PLQLPXP WHPSHUDWXUH RI WKH
H[WHUQDO HQYLURQPHQW 7KH UHVSHFWLYH WHPSHUDWXUH YDOXH RI WKH
FOLPDWLF GDWD LQ WKH FRXUW\DUG GXULQJ WKH VDPH WLPH SHULRG LV
&LH&KLJKHUWKDQWKHPLQLPXPWHPSHUDWXUHRIWKH
H[WHUQDOHQYLURQPHQW
7KH WHPSHUDWXUHIOXFWXDWLRQIRU WKHEXLOGLQJ¶V LQWHUQDOVSDFHLV
 &  & IRU WKH FRXUW\DUG DQG & IRU WKH H[WHUQDO
HQYLURQPHQW7KHPHDQ WHPSHUDWXUH IRU WKH EXLOGLQJ¶V LQWHUQDO
VSDFH WKH H[WHUQDO HQYLURQPHQW DQG WKH FOLPDWLF GDWD LQ WKH
FRXUW\DUG UDQJHG DW DSSUR[LPDWHO\ WKH VDPH OHYHOV  &
 & DQG  & UHVSHFWLYHO\ )LJXUH 7KH FRPSDULVRQ
EDUVRI UHODWLYHKXPLGLW\GXULQJ WKHVXPPHUSHULRGDUH VKRZQ
EHORZ)LJXUH


)LJXUH 7HPSHUDWXUHDQG5HODWLYH+XPLGLW\GDWDRIWKH
EXLOGLQJ¶VLQWHUQDOVSDFHIRUWKHVXPPHUSHULRGUGWK-XQH


)LJXUH7HPSHUDWXUHDQG5HODWLYH+XPLGLW\GDWDRIWKHFHQWUDO
FRXUW\DUGRIWKHKRXVHIRUWKHVXPPHUSHULRGUGWK-XQH


)LJXUH7HPSHUDWXUHDQG5HODWLYH+XPLGLW\GDWDRIWKH
H[WHUQDOHQYLURQPHQWIRUWKHVXPPHUSHULRGUGWK-XQH

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)LJXUHV&RPSDULVRQEDUVRIWHPSHUDWXUHDQGUHODWLYH
KXPLGLW\GXULQJWKHVXPPHUSHULRGUGWK-XQH
3. CONCLUSIONS 
7KH WKHUPDO SHUIRUPDQFH DQDO\VLV RI WKH WHPSHUDWXUH DQG
UHODWLYHKXPLGLW\IRUWKHDERYHPHQWLRQHGSHULRGVSURYLGHVIRU
WKH ILUVW WLPH LQ D VFLHQWLILF ZD\ LQIRUPDWLRQ RQ WKH WKHUPDO
EHKDYLRXURIDYHUQDFXODUKRXVHLQ&\SUXV7KHDQDO\VLVVKRZV
WKDW WKH LQGRRU WHPSHUDWXUHZDV UHODWLYHO\ VWDEOH UHJDUGOHVV RI
WKH IOXFWXDWLRQRIRXWGRRU WHPSHUDWXUHGXH WR WKH FRQVLGHUDEOH
WKHUPDOPDVV RI WKH VWUXFWXUH 'XULQJ WKH VXPPHU SHULRG WKH
LQGRRUHQYLURQPHQWSURYLGHV WKHUPDOFRPIRUWDOWKRXJKGXULQJ
WKHZLQWHUSHULRGWKHKRXVH¶VHQYHORSHIDLOVWRDGHTXDWHO\UHWDLQ
KHDW DW D FRPIRUWDEOH OHYHO 7KH GDWD VKRZV WKDW WKH LQWHUQDO
WHPSHUDWXUHUHDFKHVDPD[LPXPYDOXHODWHULQWKHGD\FRPSDUHG
ZLWKWKHH[WHUQDOHQYLURQPHQW7KLVLVUHODWHGWRWKHIDFWWKDWWKH
WKHUPDO LQHUWLD RI WKH EXLOGLQJ¶V HQYHORSH GHOD\V WKH KHDW
WUDQVIHUIURPWKHH[WHUQDOHQYLURQPHQWWRWKHLQWHUQDOVSDFH
7KURXJKWKHVWXG\DQGin situPHDVXUHPHQWVRIWKHWHPSHUDWXUH
DQGKXPLGLW\LQDYHUQDFXODUGZHOOLQJWKHJUHDWVLJQLILFDQFHRI
WKH LQWHUQDO FRXUW\DUG ZDV XQGHUOLQHG ZKLFK VHUYHV DV D
PLFURFOLPDWHUHJXODWRUNHHSLQJWKHWHPSHUDWXUHDWKLJKHUOHYHOV
WKDQ WKH H[WHUQDO HQYLURQPHQW GXULQJ WKH ZLQWHU SHULRG
$OWKRXJK WKH FRXUW\DUG LV VXIILFLHQWO\ VKDGHG IURP WKH
VXUURXQGLQJ EXLOW HQYLURQPHQW GXULQJ WKH VXPPHU SHULRG DQ
LQFUHDVH RI WKH WHPSHUDWXUH LQ FRPSDULVRQ WR WKH H[WHUQDO
HQYLURQPHQW LV UHFRUGHG 7KLV LV GXH WR WKH ODFN RI SURSHU
SODQWLQJ LQ WKH FRXUW\DUG DV ZHOO DV GXH WR WKH FORVLQJ RI WKH
LOLDNRV¶V RSHQLQJ ZLWK D JODVV GRRU SURKLELWLQJ WKH FURVV
YHQWLODWLRQRIWKHKRXVH
7KHUPDO FRPIRUW LQ D WUDGLWLRQDO GZHOOLQJ ODUJHO\ GHSHQGV RQ
WKHZD\WKHRFFXSDQWVPDNHXVHRIWKHKRXVH7KHIDFWWKDWWKH
KRXVH XQGHU VWXG\ZDV XQRFFXSLHG GXULQJPRVW RI WKH SHULRG
XQGHULQYHVWLJDWLRQGLGQRWSHUPLWWKHDSSOLFDWLRQRIVRODUJDLQ
VWUDWHJLHVLQWKHZLQWHUSHULRGDQGGLGQRWSHUPLWWKHDSSOLFDWLRQ
RI FURVV YHQWLODWLRQ DQG VWDFNHIIHFW VWUDWHJLHV GXULQJ WKH
VXPPHUSHULRG
9HUQDFXODUGZHOOLQJVLQ&\SUXVKDYHDGDSWHGUHODWLYHO\ZHOOWR
FOLPDWLF FRQGLWLRQV E\ XVLQJ ORZHQHUJ\GHVLJQSULQFLSOHV WKDW
HQVXUHKXPDQFRPIRUW7KHVROXWLRQVIROORZHGZHUHVLPSOHDQG
HDV\ WR DSSO\ EXW DW WKH VDPH WLPH WKH\ SURYHG WR EH YHU\
HIILFLHQWVKRZLQJDGHHSXQGHUVWDQGLQJRIWKHDGDSWDWLRQWRWKH
VXUURXQGLQJ HQYLURQPHQW $ V\VWHPDWLF NQRZOHGJH RI
WUDGLWLRQDODUFKLWHFWXUHDQGEXLOGLQJWHFKQRORJLHVLVWKHEDVLVIRU
VXSSRUWLQJ VWDEOH EDODQFHG DQG VXVWDLQDEOH VRFLRHFRQRPLF
GHYHORSPHQW DQG SURPRWLQJ FRQVHUYDWLRQ DQG UHKDELOLWDWLRQRI
YHUQDFXODU DUFKLWHFWXUH $ GHHS DQG PHDQLQJIXO HQJDJHPHQW
ZLWK YHUQDFXODU DUFKLWHFWXUH DQG WKH UHKDELOLWDWLRQ SURFHVV FDQ
LQVSLUH FUHDWLYH GHVLJQV WKDW VXVWDLQ WKH SURGXFWLYH OLIH RI WKH
H[LVWLQJHQYLURQPHQW

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WUDGLWLRQDOVHWWOHPHQWVPRXQWDLQRXVVHPLPRXQWDLQRXVSODLQV
DQGFUHDWHDGLJLWDOGDWDEDVHFRQQHFWHGZLWKDZHEVLWH
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